[Abstract] Quantitative measurement of proteins binding to DNA is a requisite to fully characterize the structural determinants of complex formation necessary to understand the DNA transactions that regulate cellular processes. Here we describe a detailed protocol to measure binding affinity of the adeno-associated virus (AAV) Rep68 protein for the integration site AAVS1 using fluorescent anisotropy. (due to small size), the light is emitted in a different plane. These changes can be quantified by the normalized differences in parallel and perpendicular intensities. Polarization is defined as P = (I= -I⊥)/(I= + I⊥), where I= is the parallel intensity and I⊥ is the perpendicular intensity. An alternative way is to define the anisotropy, A = (I= -I⊥)/(I= + 2I⊥). Both parameters can be used interchangeably to describe the changes in polarization. Thus, when a small fluorescent DNA molecule binds a protein, the larger complex will rotate more slowly than the DNA molecule, changing the plane of the polarized light and increasing the anisotropy value. We have used this technique to measure the binding affinity of AAV Rep68 for different DNA substrates (Yoon-Robarts et al., 2004; Musayev et al., 2015; Bardelli et al., 2016) . The non-structural AAV Rep proteins carry out most of the DNA transactions that are required to complete the virus life cycle. These include DNA replication, transcriptional regulation, site-specific integration and packaging of DNA into preformed capsids (Im and Muzyczka, 1990; Weitzman et al., 1994; Wonderling et al., 1995) . The large AAV Rep proteins (Rep78/Rep68) contain an N-terminal origin binding domain (OBD) that specifically binds the Rep binding sites (RBS) and displays nuclease activity (Hickman et al., 2004; Musayev et al., 2015) . The RBS sites consist of two or more 5'-GCTC-3' repeats and are found at the viral origin of replication, in several promoters and at the AAVS1 integration site (Weitzman et al., 1994; McCarty et al., 1994) . In addition, a C-terminus SF3 helicase domain is required
plate readers equipped with fluorescence detectors. The technique is based on the principle that when a fluorescent molecule is excited with plane polarized light, the emitted light remains polarized in the same plane if the molecule is stationary or if it rotates slowly. In contrast, if the molecule rotates rapidly (due to small size), the light is emitted in a different plane. These changes can be quantified by the normalized differences in parallel and perpendicular intensities. Polarization is defined as P = (I= -I⊥)/(I= + I⊥), where I= is the parallel intensity and I⊥ is the perpendicular intensity. An alternative way is to define the anisotropy, A = (I= -I⊥)/(I= + 2I⊥). Both parameters can be used interchangeably to describe the changes in polarization. Thus, when a small fluorescent DNA molecule binds a protein, the larger complex will rotate more slowly than the DNA molecule, changing the plane of the polarized light and increasing the anisotropy value. We have used this technique to measure the binding affinity of AAV 2016). The non-structural AAV Rep proteins carry out most of the DNA transactions that are required to complete the virus life cycle. These include DNA replication, transcriptional regulation, site-specific integration and packaging of DNA into preformed capsids (Im and Muzyczka, 1990; Weitzman et al., 1994; Wonderling et al., 1995) . The large AAV Rep proteins (Rep78/Rep68) contain an N-terminal origin binding domain (OBD) that specifically binds the Rep binding sites (RBS) and displays nuclease activity (Hickman et al., 2004; Musayev et al., 2015) . The RBS sites consist of two or more 5'-GCTC-3' repeats and are found at the viral origin of replication, in several promoters and at the AAVS1 integration site (Weitzman et al., 1994; McCarty et al., 1994) . In addition, a C-terminus SF3 helicase domain is required www.bio-protocol.org/e2194 6. Purified recombinant AAV Rep68 protein was expressed in E.coli and purified using Ni-NTA affinity column followed by a gel filtration column as described previously (Musayev et al., 2015) 7. Sodium hydroxide (NaOH) Fluorescent labeled DNA can be purified by HPLC or using preparative acrylamide gel electrophoresis (PAGE) directly by the synthesis facility or can be purified by anion-exchange chromatography as described next. DNA is dissolved in 500 μl of Q1 buffer and injected into a
MonoQ anion-exchange column. DNA was purified using a linear gradient from buffer Q1 (100 mM NaCl) to 100% Q2 buffer (1 M NaCl).
2. Fractions are desalted using a 5 ml GE HiTrap desalting column pre-equilibrated with water.
DNA elutes in the void volume.
3. Collected DNA fractions are placed in a 15 ml conical tube, frozen and placed in a Labcono Freezone 2.5 lyophilizer overnight. To allow drying of the sample, the lid of the 15 ml conical tube should be pierced with a needle 4-5 times. The DNA should be fibrous and dry by the next day.
4. After lyophilization, resuspend the DNA in 100 μl of TES buffer. Measure the DNA concentrations using a Thermo Scientific NanoDrop ND-2000c spectrophotometer using the calculated extinction coefficients of the DNA oligonucleotides at a wavelength of 260 nm.
5. To prepare the double-stranded DNA, combine the two DNA strands in a ratio where the nonlabeled strand is in 1.1 molar excess with respect to the fluorescein-labeled strand. Place the DNA strands in a black 1.5 ml microcentrifuge tube. Using a Denville IncuBlock heating block, heat the DNA at 99 °C for 3 min. Then, turn off the heating block and leave the DNA cooling to room temperature.
6. The final DNA concentration is calculated using the number of moles of the labeled-DNA strand and the final volume after mixing the two strands.
B. DNA binding studies with Rep68
Rep68 concentration is determined by absorbance at 280 nm using the extinction coefficient calculated from the Rep68 amino acid sequence using EXPASY Protparam site www.bio-protocol.org/e2194 nM are prepared to cover the concentration range of the titration curve.
3. If incubation time is not known, this can be determined by incubating sample and reading anisotropy every five minutes. Equilibrium is estimated when the measured anisotropy remains constant.
Recipes

Q1 buffer
